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Dual  port  voltage  controlled  emitter  coupled  multivibrator. 

©  A  voltage  controlled  oscillator  includes  an  emit- 
ter  coupled  multivibrator  in  which  a  capacitor  deter- 
mines  the  frequency  of  oscillation  along  with  a  pair 
of  load  resistors  (14,  15)  and  a  pair  of  current 
sources  (16,  17).  A  differential  amplifier  (20,  21)  is 
coupled  to  operate  in  parallel  with  the  multivibrator 
and  its  tail  current  is  operated  differentially,  with 
respect  to  the  currents  in  the  pair  of  sources  (16, 
17),  in  response  to  the  input  voltage  at  a  first  modu- 
lation  input  port.  Thus,  a  constant  current  flows  in 
the  multivibrator  loads  even  when  the  frequency  is 

*J  modulated.  A  second  input  port  is  coupled  to  vary 
^ t h e   tail  current  in  the  differential  amplifier  to  com- 
^   prise  a  dual  port  control  of  the  voltage  controlled 
^oscillator.  The  circuit  can  be  operated  at  a  relatively 

low  supply  voltage  and  can  be  temperature  com- 
COpensated.  Furthermore,  the  input  ports  can  include 
00  circuitry  having  a  logarithimic  response  for  digital 

signaling  processing. 

Q.  
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The  invention  relates  to  voltage  controlled  os- 
cillator  (VCO)  circuits  in  which  the  frequency  of 
oscillation  is  a  function  of  an  applied  voltage.  Such 
oscillators  find  use  in  phase  locked  loop  (PLL) 
systems  where  an  oscillator  is  forced  to  oscillate  at 
a  frequency  and  phase  that  is  related  to  an  input 
signal.  For  IC  applications  the  oscillator  of  choice  is 
typically  the  well-known  emitter-coupled  multivibra- 
tor.  This  circuit  employs  all  NPN  transistors  and  is 
thus  capable  of  operating  at  relatively  high  fre- 
quencies.  This  basic  circuit  is  the  subject  of  US-A- 
3,857,110.  A  improved  version  is  disclosed  in  US- 
A-  4,468,636 

The  teaching  in  these  "two  patents  is  incor- 
porated  herein  by  reference. 

One  of  the  remaining  problems  associated  with 
the  prior  art  VCO's  is  their  limitation  of  a  single 
input  control  voltage  for  controlling  the  operating 
frequency  and  phase.  The  present  invention  as 
defined  in  claim  1  is  based  on  the  discovery  that 
where  a  system  includes  more  than  one  PLL  and 
the  individual  loops  must  be  coupled  together,  the 
VCO  can  perform  this  function  if  it  has  plural  in- 
puts.  Desirably,  these  inputs  are  isolated  and  can 
enjoy  predetermined  voltage-to-frequency  sensitiv- 
ity  so  that  system  performance  can  be  predeter- 
mined. 

The  circuit  of  the  invention  to  provide  a  VCO  in 
which  a  constant  current  flows  while  being  modu- 
lated. 

The  invention  further  provide  a  VCO  circuit 
which  has  more  than  one  frequency-sensitive  input 
voltage  port. 

It  is  still  another  advantage  of  the  invention  to 
employ  a  VCO  circuit  that  has  plural  voltage  inputs 
and  a  config  uration  in  which  oscillation  frequency 
responds  to  a  differential  input  voltage  which  parti- 
tions  oscillator  current  between  active  and  passive 
portions. 

The  plural  input  VCO  of  the  invention  operates 
at  a  single  +5V  supply  and  can  easily  be  tempera- 
ture  compensated. 

It  is  possible  to  configure  the  modulation  input 
stage  to  provide  a  logarithmic  digital  signal  pro- 
cessing  function. 

These  and  other  objects  are  achieved  in  a 
circuit  as  follows.  An  emitter  coupled  multivibrator 
includes  a  capacitor  that  can  be  charged  in  two 
directions  as  a  function  of  the  currents  in  a  pair  of 
constant  current  elements  which  are  operated  as  a 
function  of  an  input  voltage  and  coupled  to  the 
emitters  of  a  pair  of  oscillator  transistors.  The  mul- 
tivibrator  includes  a  parallel  connected  differential 
feedback  stage  which  has  its  tail  current  operated 
differentially  with  respect  to  the  constant  current 
elements.  The  differential  amplifier  has  its  inputs 
and  outputs  connected  in  parallel  with  the  oscillator 
transistors.  A  pair  of  emitter  followers  cross-couple 

the  oscillator  transistors  conventionally  to  create  a 
high  gain  multivibrator  configuration.  The  output 
signal  can  be  taken  from  the  oscillator  transistor 
collectors  as  a  square  wave.  Alternatively,  a 

5  sawtooth  output  can  be  taken  from  the  emitters. 
The  tail  current  of  the  differential  feedback  stage 
can  be  obtained  from  a  second  differentially  con- 
trolled  current  supply  and  can  be  modulated  by  a 
second  voltage  input  which  also  acts  to  vary  the 

10  oscillator  frequency.  These  two  isolated  voltage 
inputs  can  each  be  designed  to  provide  the  desired 
control  sensitivity.  As  a  general  consideration,  the 
constant  current  modulation  elements  in  the  oscilla- 
tor  transistor  emitters  provide  the  higher  frequency- 

75  to-voltage  sensitivity  while  the  differential  amplifier 
feedback  current  control  provides  a  vernier 
frequency/phase  control  action.  The  voltage  inputs 
can  include  circuitry  that  also  provides  a  logarith- 
mic  digital  signal  processing  function. 

20  Figure  1  is  a  schematic  diagram  showing  the 
circuit  of  the  invention. 

Figure  2  is  a  schematic  diagram  of  an  alter- 
native  embodiment  of  the  invention. 

In  the  circuit  of  figure  1  a  power  supply  is 
25  connected  +  to  VCc  terminal  10  and  -  to  ground 

terminal  11.  The  heart  of  the  circuit  is  oscillator 
transistors  12  and  13.  Their  collectors  are  returned 
to  +VCC  by  way  of  matched  load  resistors  14  and 
15  respectively.  Their  emitters  are  returned  to 

30  ground  by  way  of  constant  current  transistors  16 
and  17  which  have  their  bases  coupled  together  to 
control  terminal  18.  Transistors  16  and  17  have 
their  emitters  commonly  connected  to  the  collector 
of  constant  current  supply  transistor  19  and  their 

35  collectors  connected  to  a  frequency  determining 
capacitor  28. 

Transistors  20  and  21  form  a  differential  am- 
plifier  with  degeneration  resistors  22  and  23  in  their 
respective  emitters.  Transistors  24  and  25  in  par- 

40  allel  balance  transistors  16  and  17  and  act  to 
provide  the  tail  current  flowing  in  transistors  20  and 
21.  Since  the  bases  of  transistors  24  and  25  are 
connected  to  input  terminal  26  the  tail  current  can 
be  modulated  by  the  differential  input  coupled  be- 

45  tween  terminals  18  and  26.  Since  transistor  19 
provides  a  constant  current  in  the  combination  of 
transistors  16,  17,  24  and  25,  the  differential  control 
terminals  will  act  to  direct  the  current  flowing  in 
transistor  19  to  either  oscillator  transistors  12  and 

so  13  or  differential  amplifier  transistors  20  and  21. 
The  bases  and  collectors  of  transistors  20  and 

21  parallel  the  equivalent  elements  of  oscillator 
transistors  12  and  13  respectively.  The  collectors 
of  transistors  12  and  20  directly  drive  emitter  fol- 

55  lower  transistor  26  which  in  turn  couples  to  the 
bases  of  transistors  13  and  21.  Likewise,  emitter 
follower  transistor  27  couples  the  collectors  of  tran- 
sistors  13  and  21  to  the  bases  of  transistors  12  and 



EP  0  383  194  A1 

20.  This  cross-coupling  will  render  transistors  12 
and  13  oscillatory,  as  is  well-known  in  the  art  as 
taught  in  US-A-  3,857,110.  Capacitor  28,  which  is 
connected  between  the  emitters  of  transistors  12 
and  13,  will  charge  and  discharge  linearly  which 
produces  a  sawtooth  waveform  thereacross.  When 
transistors  1  6  and  1  7  have  their  currents  modulated 
to  very  the  frequency  of  the  VCO,  the  current 
changes  are  reflected  in  transistors  20  and  21. 
Thus,  the  total  current  flow  is  constant  and  oscilla- 
tor  gain  is  constant. 

Transistor  29,  with  its  emitter  resistor  30,  pro- 
vides  a  constant  current  load  for  emitter  follower 
transistor  26  and  transistor  31,  with  its  emitter 
resistor  32,  provides  a  constant  current  load  for 
emitter  follower  transistor  27.  Emitter  follower  33 
couples  the  collectors  of  transistors  13  and  21  to 
output  terminal  34  and  emitter  follower  transistor  35 
couples  the  collectors  of  transistors  12  and  20  to 
output  terminal  36.  Thus,  the  output  at  terminals  34 
and  36  is  a  square  wave.  Constant  current  transis- 
tor  37  with  its  emitter  resistor  38  acts  as  a  load  for 
transistor  33  and  constant  current  transistor  39, 
with  its  emitter  resistor  40  acts  as  a  load  for 
transistor  35.  The  bases  of  transistors  29,  31,  37 
and  39  are  operated  at  VBG  above  the  ground 
potential  by  connecting  a  bandgap  level  voltage 
source  (not  shown)  to  bias  terminal  41  .  This  source 
is  configured  so  that  the  potential  at  terminal  41  will 
decrease  with  temperature.  It  can  be  seen  that  as 
VBg  falls  with  temperature,  the  VBe  of  each  of  the 
transistors  will  also  fall,  thus  making  the  potentials 
across  the  associated  emitter  resistors  substantially 
independent  of  temperature.  This  means  that  the 
currents  in  transistors  29,  31,  37  and  39  are  sub- 
stantially  temperature  independent  and  of  a  value 
determined  by  the  emitter  resistors. 

Diode  connected  transistor  44  is  returned  to 
VBg  terminal  41  by  resistor  43.  Thus  li  ,  which  flows 
in  resistor  43,  is: 
I,  =  (Vbg-Vbe44)/R43 
where  R43  is  the  value  of  resistor  43. 

Since  both  VBg  and  VBe  fall  with  increasing 
temperature,  their  difference  will  cancel  and  the 
magnitude  current  h  will  not  only  be  determined  by 
resistor  43,  its  temperature  coefficient  will  be  deter- 
mined  by  the  temperature  coefficient  of  resistor  43. 
Transistor  19  is  made  to  have  four  times  the  area 
of  transistor  44  and  is  connected  as  a  current 
mirror  that  will  sink  4h.  Transistor  48,  which  has 
one-half  of  the  area  of  transistor  44,  is  connected 
as  a  current  mirror  that  will  sink  M2. 

As  shown  above,  h  has  a  temperature  coeffi- 
cient  that  is  determined  by  the  temperature  coeffi- 
cient  of  resistance  of  resistor  43.  This  is  selected 
to  match  that  of  resistors  1  4  and  1  5  in  such  a  way 
that  the  frequency  of  the  VCO  will  not  vary  signifi- 
cantly  with  temperature  over  the  operating  tem- 

perature  range  of  -55  C  to  125  C.  Thus,  while 
resistors  14  and  15  will  vary  with  temperature  and 
will  act  to  change  oscillator  frequency,  the  tem- 
perature  coefficient  of  resistor  43  will  offset  tem- 

5  perature  drift. 
Under  quiescent  conditions,  when  terminals  18 

and  26  are  shorted  together,  U  will  flow  in  each  of 
transistors  16,  17,  24  and  25.  It  has  been  deter- 
mined  that  the  free  running  oscillator  frequency  for 

10  the  circuit  of  figure  1  is: 
fo  *  1/17RC 
wherein  R  is  the  value  of  resistors  1  4  and  1  5  and  C 
is  the  value  of  capacitor  28. 

This  frequency  varies  very  little  over  the  range 
75  from  -55  *  C  to  over  1  25  *  C  because  of  the  tem- 

perature  current  characteristics  of  li  and  the  VCO 
bias  currents  as  described  above. 

If  terminal  18  is  raised  and  terminal  26  is 
lowered  differentially,  conduction  in  transistors  16 

20  and  17  will  be  increased  while  the  currents  flowing 
in  transistors  24  and  25  will  similarly  be  decreased. 
This  will  cause  the  charge  cycle  for  capacitor  28  to 
speed  up  thereby  producing  an  oscillator  frequency 
increase.  A  lowering  of  the  voltage  at  terminal  18, 

25  along  with  a  rise  at  terminal  26,  will  lower  fre- 
quency.  The  frequency-to-voltage  relationship  is 
linear  and  a  relatively  wide  range  control  is  avail- 
able.  It  can  be  seen  that  as  the  current  in  oscillator 
transistors  12  and  13  is  increased  the  current  in 

30  differential  amplifier  transistor  20  and  21  will  de- 
crease  a  like  amount.  Thus,  as  the  oscillator  fre- 
quency  is  modulated  or  varied  the  currents  flowing 
in  resistors  14  and  15  will  be  constant  and  the 
output  amplitude  will  remain  constant. 

35  Transistors  60  and  45  operate  to  provide  a 
vernier  frequency  control  input.  They  are  connect- 
ed  differentially  and  their  bases  are  respectively 
connected  to  input  terminals  46  and  47  which  com- 
prise  a  second  differential  input  port.  The  constant 

40  tail  current  for  transistors  60  and  45  is  provided  by 
transistor  48  which  has  its  base  returned  to  the 
bases  of  transistor  19  and  60.  Typically,  transistor 
48  is  scaled  to  have  one-half  of  the  area  of  transis- 
tor  44  so  that  h/2  flows  therein.  The  collector  of 

45  transistor  60  is  connected  to  the  collectors  of  tran- 
sistors  24  and  25  so  that  it  will  conduct  a  portion  of 
the  tail  current  flowing  in  differential  transistors  20 
and  21.  The  modulation  is  achieved  by  steering 
more  or  less  current  from  common  collectors  of 

so  transistors  24  and  25  by  changing  the  relative 
voltage  at  bases  of  transistors  60  and  45.  The  finite 
change  in  voltage  is  reflected,  as  described  above 
for  terminals  18  and  26,  to  appear  across  capacitor 
28.  Any  such  voltage  change  will  result  in  a  finite 

55  frequency  change. 
Diode  connected  transistors  49  and  50  return 

the  collector  of  transistor  45  to  +VCC  and  are 
present  to  balance  the  control  action  of  transistors 
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60  and  45.  It  will  be  noted  that  since  transistor  1  9 
is  returned  to  -VEE,  the  emitters  of  transistors  16, 
17,  24  and  25  can  be  lowered  closed  to  VSAT  or  a 
fraction  of  a  volt.  This  maximizes  the  circuit  com- 
mon  mode  range  and  permits  a  low  supply  voltage. 
Typically,  the  circuit  will  operate  at  five  volt  supply. 

Figure  2  is  a  schematic  diagram  of  an  alter- 
native  embodiment  of  the  invention.  Where  the 
various  parts  perform  as  those  of  figure  1,  the 
same  designations  are  used.  The  bias  network  is 
virtually  identical,  the  collector  of  transistor  45  is 
directly  returned  to  +  Vcc  rather  than  via  diodes. 
This  will  have  the  effect  of  slightly  reducing  the 
accuracy  of  current  steering,  but  will  otherwise  hve 
little  effect.  A  two  times  area  transistor  48  provides 
2ii  as  tail  current  for  transistors  60  and  45.  This 
current  distribution  slightly  increases  the  sensitivity 
of  the  vernier  control  input  at  terminals  46  and  47 
over  that  of  figure  1. 

The  main  difference  is  how  the  main  control 
input  at  terminals  18  and  26  is  applied  to  the  VCO. 
The  input  circuit  provides  level  shifting,  a  high 
input  impedance  and  a  digital  signal  processing 
function.  The  input  circuit  operates  as  follows.  The 
h  flowing  in  transistor  44  is  mirrored  in  a  four  times 
area  transistor  51  as  4li  .  This  current  is  caused  to 
flow  in  transistors  52-55.  Transistors  52  and  53  bias 
transistors  16  and  17  in  the  VCO  while  transistors 
54  and  55  bias  transistors  24  and  25.  Input  transis- 
tors  56  and  57  operate  from  the  main  control  input 
terminals  18  and  26  as  emitter  followers.  Transistor 
56  drives  transistors  52  and  53  by  way  of  level 
shifting  diode  connected  transistor  58.  Transistor 
57  drives  transistors  54  and  55  through  level  shift- 
ing  diode  connected  transistor  59.  Thus,  the  dif- 
ferential  input  signal  voltage  at  terminals  18  and  26 
will  frequency  modulate  the  VCO  as  described  in 
connection  with  figure  1  .  However,  the  input  imped- 
ance  of  the  main  control  input  is  high  and  will  not 
appreciably  load  the  input  source. 

If  digital  control  information  is  applied  to  control 
terminals  18  and  26  the  circuit  also  responds 
logarithmically  to  produce  a  current  related  input 
voltage.  Such  digital  signal  processing  is  disclosed 
in  US-A-  4,001  ,603  and  its  teaching  is  incorporated 
herein  by  reference.  Transistors  52  and  53  operat- 
ing  as  a  unit  will  develop  a  voltage  related  to  the 
current  flowing  in  them  as  will  transistors  54  and 
55.  These  transistors  will  develop  a  AVBe  which  is 
related  to  the  differential  currents  as  follows: 

ratio  and  is  applied  as  a  differential  input  to  transis- 
tors  16-17  and  24-25.  This  sort  of  response  has 
benefit  in  digital  input  signal  processing  as  set  forth 
in  the  referenced  patent. 

5  It  is  to  be  understood  that,  while  the  input 
circuit  in  figure  2  is  shown  only  at  the  main  control 
input,  an  identical  input  control  circuit  can,  if  de- 
sired,  be  coupled  between  terminals  46  and  47  and 
the  bases  of  transistors  60  and  45. 

10 

Example 

15  The  circuit  of  figure  1  was  fabricated  using 
conventional  monolithic  epitaxial  silicon  PN  junction 
isolation  construction  parts.  Capacitor  28  was  fab- 
ricated  on  chip  by  employing  a  pair  of  square 
metal  plates  195  microns  on  a  side  separated  by 

20  an  oxide  0.78-microns  thick.  The  nominal  capaci- 
tance  was  close  to  1.86  picofarads.  Resistors  14 
and  1  5  were  each  274.5  ohms  and  resistors  22  and 
23  were  each  100  ohms.  All  other  resistors  had  a 
value  of  about  2000  ohms  which  made  h  equal  to 

25  about  0.3  microamperes  at  300°  K.  The  NPN  tran- 
sistors  were  operated  at  a  current  density  of  about 
80  microamperes  per  square  micron.  The  circuit 
was  operated  with  a  5  volt  power  supply  and  the 
operation  was  compatible  with  standard  ECL  speci- 

30  fications.  The  free  running  VCO  operated  at  125.3 
MHz  and  could  easily  be  pulled  to  exactly  125 
MHz.  The  modulation  sensitivity  of  terminals  18 
and  26  was  measured  at  0.327  MHz  per  millivolt  of 
differential  signal.  At  terminals  47  and  46  the  dif- 

35  ferential  sensitivity  was  0.152  MHz  per  millivolt. 
The  VCO  has  a  lock  range  of  about  6.4  MHz  and  a 
capture  range  of  about  0.3  MHz. 

The  invention  has  been  described  and  an  ex- 
ample  detailed.  When  a  person  skilled  in  the  art 

40  reads  the  foregoing  description,  alternatives  and 
equivalents,  within  the  spirit  and  intent  of  the  inven- 
tion,  will  be  apparent.  For  example,  additional  mod- 
ulation  ports  could  be  added  if  desired.  Accord- 
ingly,  it  is  intended  that  the  scope  of  the  invention 

45  be  limited  only  by  the  claims  that  follow. 

Claims 

so  1.  In  an  emitter  coupled  multivibrator  circuit 
comprising  a  pair  of  differentially  operated  transis- 
tors,  a  capacitor  coupled  between  the  emitters  of 
said  pair  of  transistors,  load  means  coupled  be- 
tween  the  collectors  of  said  pair  of  transistors  and 

55  a  first  power  supply  reference  terminal,  a  pair  of 
current  sources  coupled  between  said  emitters  of 
said  pair  of  transistors  and  a  second  power  supply 
terminal,  a  pair  of  emitter  followers  cross-coupled 

A V  1  1 5 2 + 1 5 3  
n  -15  4+15  5 BE 

where:  VT  is  the  thermal  voltage  and  the  currents 
are  those  of  the  indicated  transistors.  It  can  be 
seen  that  AVBE  will  be  log  related  to  the  current 
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between  the  collectors  and  bases  of  said  pair  of 
transistors  to  provide  oscillatory  feedback  there- 
between,  and  a  first  modulation  port  for  controlling 
the  conduction  of  said  current  sources  for  varying 
the  frequency  of  oscillation  of  said  pair  of  transis-  5 
tors,  the  improvement  comprising: 
a  first  differential  amplifier  having  differential  input 
terminals  coupled  to  the  bases  of  said  pair  of 
transistors,  differential  outputs  coupled  to  the  col- 
lectors  of  said  pair  of  transistors  and  a  third  con-  io 
stant  current  source  coupled  to  pass  the  tail  current 
in  said  first  differential  amplifier  to  said  second 
power  supply  terminal;  and 
means  responsive  to  the  voltage  of  said  first  port 
for  modulating  said  tail  current  in  said  differential  75 
amplifier  differentially  with  respect  to  the  currents 
in  said  pair  of  current  sources. 

2.  The  improvement  of  claim  1  further  compris- 
ing  a  second  modulation  port  with  means  for  mod- 
ulating  said  current  in  said  differential  amplifier  as  a  20 
function  of  the  voltage  at  said  second  port. 

3.  The  improvement  of  claim  2  wherein  each  of 
said  modulation  ports  include  means  for  respond- 
ing  to  differential  inputs. 

4.  The  improvement  of  claim  2  wherein  all  25 
three  of  said  constant  current  sources  are  com- 
monly  coupled  to  said  second  power  supply  termi- 
nal  through  a  fourth  constant  current  source. 

5.  The  improvement  of  claim  3  wherein  said 
second  modulation  port  comprises  a  second  dif-  30 
ferential  amplifier  having  a  pair  of  input  terminals 
comprising  said  second  port  input,  an  output  coup- 
led  to  the  juncture  of  said  third  current  source  and 
the  tail  current  connection  of  said  first  differential 
amplifier  and  a  tail  current  supply  coupled  to  said  35 
second  power  supply  terminal. 

6.  The  improvement  of  claim  3  wherein  said 
means  for  responding  to  differential  inputs  further 
includes  means  for  responding  logarithmically  to 
the  input  voltage  whereby  nonlinear  response  to  a  40 
digital  input  is  achieved. 
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